INTRODUCTION
Diabetes mellitus (DM) is a lifestyle disease characterized by hyperglycemia resulting because of the absolute (type 1 DM (T1DM)) or relative (type 2 DM (T2DM)) deficiency of the insulin hormone. [1] It has been estimated that globally approximately 350 million people suffer from diabetes and this magnitude is expected to be doubled by 2030 in India has been designated as "diabetes capital" of the world, owing to the share of the highest number of people with diabetes. [8] Infact, the number of cases of diabetes is projected to increase to almost 80 million by the year 2030 as opposed to 32 millionin2000. [8] The causation of DM is multifactorial, and includes both nonmodifiable (viz. age, genetic defects, family history) and modifiable (viz. obesity, sedentary lifestyle, diet, etc.). [2, [9] [10] [11] The significance of exercise in the prevention and control of diabetes has been known since time immemorial. [12] [13] [14] Infact, some form of physical activity and exercise has been advocated for initial and ongoing management of type 2 diabetes. [12, 15, 16] A wide range of benefits like improved glycemic control, reduction in LDL levels, lowering of blood pressure, enhancement of weight loss, weight maintenance, stabilization of gait, reaction time, postural stability, maintenance of sympathovagal balance, improvement in the number of insulin receptors and their sensitivity, and reduction in HbA1c, have been attributed to exercise among diabetes patients. [17] [18] [19] [20] [21] Furthermore, increased physical activity in diabetes may enable reduction, or even discontinuation, of drugs in a major proportion of patients. [22] Acknowledging the importance of physical activity and exercise components in the management of type 2 diabetes patients, and in absence of studies to ascertain the benefits of exercise on different aspects of diabetes, especially in Indian settings, the present study has been planned to assess the scope of physical activity among T2DM patients residing in an urban area of SouthIndia.
MATERIALS AND METHODS

Settings and design
A longitudinal interventional study was conducted for a period of 8 months (January 2014-August 2014) among patients of T2DM accessing the healthcare services at an Urban Health and Training Center (UHTC) of a Medical College located in Kancheepuram district, Tamil Nadu.
The method of sampling employed was universal sampling, which meant that all diagnosed T2DM patients attending UHTC during the month of January were enrolled in the study provided they satisfied the inclusion and exclusion criteria.
Inclusion criteria
All type 2 diabetes patients who were • Willing to participate in the study • Normal ECG findings before inclusion in the study • Normal blood pressure response to standing (viz. under normal physiological circumstances a fall in blood pressure is observed when a person shifts from supine to standing position-fall in systolic and diastolic blood pressure to <20 mmHg and <10 mmHg, respectively) • No evidence of peripheral vascular disease on clinical examination, and • No evidence of retinopathy and/or macular edema on fundoscopy.
Exclusion criteria
All those who were not willing to participate or were planning to go outside in the next 6months (n = 3); presence of comorbid condition like associated bronchial asthma, severe hypertension with end organ damage (n = 2); and patient on regular short-acting human insulin (n = 1), were excluded from the study.
Methodology
In the month of January 2014, total 167 T2DM patients visited the UHTC for their routine follow-up. Out of them, six patients were excluded as mentioned above. The remaining 161 patients were then subjected to clinical evaluation, ECG, and fundoscopy examination (with the assistance of an ophthalmologist) to assess their inclusion in the study. This led to the exclusion of additional four subjects, and thus for final analysis 157 subjects were selected.
A semistructured questionnaire was used for eliciting the sociodemographic and economicdetails of the study participants. These selected participants were then subjected to measurement of blood pressure, weight and waist circumference, and estimation of fasting and postprandial blood sugar. The obtained results were considered as the baseline data.
Each of the selected diabetes patients was individually explained about the benefits associated with indulgence in physical activity and exercise. They were counseled to indulge in moderate type of aerobic exercise in the form of brisk walking for 2.5 hours spread over a period of 1 week, that is, atleast 30 min of brisk walking daily for any 5 days in a week, for the next 6months (February-July 2014). [23] Each of the participant was counseled about symptoms of hypoglycemia andalso informed to carry glucose biscuits along with them while going for walking; to take glucose biscuits if symptoms of hypoglycemia (viz. feeling of uneasiness, giddiness, excessive sweating, etc.) occur during exercise; to report to the hospital in the event of experiencing any discomfort; and continue their routine monthly follow-up.
During each follow-up visits, study subjects were clinically evaluated and even motivated to continue their physical activity as prescribed. However, six subjects could not stick with the prescribed regimen and thus excluded from the study. Thus at the end of 6months of prescription of moderate type of physical activity, total 151 T2DM patients completed the exercise regimen. The investigators relied only on self-reported compliance to the prescribed exercise regimen during each of their monthly follow-up visits.
All these 151 patients were again subjected to clinical evaluation, measurement of blood pressure, weight and waist circumference, and estimation of fasting and postprandial blood sugar after completion of 6months of prescribed physical activity regimen, and the results were compared with the baseline estimates.
Ethical considerations
Institutional ethical clearance was obtained prior to the start of the study. Written informed consent was obtained from the study participants after explaining them the purpose of the study. Utmost care was taken to ensure confidentiality.
Statistical analysis
Data entry and statistical analysis was done using Statistical Package for Social Sciences (SPSS) version 18. Frequency distributions and percentages were computed for all the variables. The statistical significance was set at P < 0.05. The associations were tested using paired t-test for continuous (mean ± SD) variables. Table 1 represents the distribution of study subjects based on their sociodemographic and economicattributes. Almost 86 (57%) diabetics were from the age group of 40-60 years with the youngest and oldest participant of 31 and 67 years, respectively. The results clearly reflect the phenomenon of early onset (32/151) of type 2 diabetes among the study participants. Most of the study subjects were females (82/151) and married (138/151). However, around 105 (70.2%) diabetic patients were either retired or home-makers (mostly females -77).
RESULTS
Tabl e 2 re f l e c t s t h e a s s o c i at i on b e t we e n anthropometric/biochemical estimates at the start of the study and after a period of 6months of the exercise. The findings of the study suggest that a significant difference in both fasting and postprandial sugar was observed before and after the exercise, that is, after the completion of prescribed exercise regimen significant reduction in blood sugar was obtained. The mean reduction in systolic blood pressure was observed to be 12 ± 4 mmHg and that in diastolic blood pressure was found to be 4 ± 2 mmHg. The difference was not found to be statistically significant.However, from the perspective, weight and waist circumference among the study participants, although a reduction was observed, nevertheless the association was not statistically significant. On clinical examination, none of the study participants developed any diabetes associated complications at the end of the prescribed exercise regimen.
DISCUSSION
The current study is a longitudinal study to assess the impact of moderate exercise (viz. brisk walking) for a period of 6months on the clinical, anthropometric, and biochemical attributes of the type 2 diagnosed diabetic patients.Although, a major proportion of the study participants were found to be more than 40-years-old (119/151), around 32 (21.2%) of the type 2 diabetes patients belonged to the agegroup of 30-40 years.Findings of studies done in different settings have also revealed similar results suggesting a shift on the left (early onset) for T2DM. [24, 25] The present study revealed that more number of female subjects (82/151) were having diabetes in contrast to the males (69/151).
In the current interventional study, a statistically significant improvement was observed pertaining to their fasting and postprandial blood sugar levels, among the study subjects who regularly practiced moderate type of physical activity for a period of 6months. In most of the studies where exercise/physical activity has been included as one of the factors in the management of T2DM, quite favorable results have been observed especially with regard to blood sugar levels. [19, 21, 26, 27] The benefit associated with physical activity in management of diabetes is because of the increase in burning of the muscles glycogen (in early stages), followed by consumption of free fatty acids and fats deposited in the adipose tissue. [15, 28, 29] Despite the fact that, a mean reduction in weight (from 68.28 kg before exercise to 64.84 kg after exercise) was observed among the study participants, but the association was not significant on employing paired t-test. In contrast, a significant reduction in weight among type 2diabetic patients has been observed in systematic reviews or studies done in different settings. [30] [31] [32] The strength of the present study is that it considered most of the sociodemographic and anthropometric variables associated with exercise and T2DM. Also, it is one of the few longitudinal studies from South India which has attempted to explore the impact of exercise on clinical, biochemical, and anthropometric attributes among T2DM patients. In limitation, no full-proof mechanism was employed to assess participant's adherence to the prescribed exercise regimen, and some of other laboratory investigations like HbA1c were not performed, due to infrastructure constraints. Also, as there was no control group in the study, findings of the study could not be generalized to the entire population.
CONCLUSION
The findings of the present longitudinal study suggest that compliance with moderate type of physical activity can significantly improve the fasting and postprandial blood sugar, apart from reduction in weight of T2DM patients. Furthermore, the results of this study can be utilized by the program managers to include physical activity as one of the crucial component in ensuring adequate control of blood sugar in diabetic patients.Thus, physical activity, in conjunction with therapeutic management of diabetes, ensuresa comprehensive strategy for appropriate management of DM.
